INTRODUCTION
China Camp State Park and Rush Ranch Open Space Preserve are components of the San Francisco Bay National Estuarine Research Reserve. While both areas contain marshes they are quite different in their overall plant cover. China Camp is predominately a forested area in the hills of the Marin Peninsula and is located on the saline San Pablo Bay while Rush Ranch is composed of marshes and grasslands located on the more brackish Suisun Bay. The objective of this chapter is to summarize what is known and what needs to be known about terrestrial mammals that live at each site. The mammals of the two areas are listed in Table 1 . Some of the smaller mammals, especially the endangered salt marsh harvest mouse (Reithrodontomys raviventris) and several rare shrews (Sorex spp.), will be discussed in considerable detail in the sections on the two areas.
Neither of the two areas has a list of documented mammals. The nearest park or management unit with a mammal list to China Camp is Point Reyes National Seashore (http://www.nps.gov/pore/naturescience/ mammals.htm) and while it is on the other, i.e., the western, side of the Marin Peninsula, that list offers some idea of what mammals can be found in China Camp. Based on that list and the type of vegetation present at China Camp, a number of the mammals listed for China Camp in Table 1 
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Neotoma fuscipes
Dusky-footed woodrat + It is assumed that the mammals on that list are present on Rush Ranch especially since the ranch has a small grove of eucalyptus trees and several barns or barn-like buildings. Those structures make it likely that the bats listed for the area on Table 1 can be found at Rush Ranch, at least occasionally.
It is likely that some of the mammals listed in Table 1 are not common in the two areas, and this is especially the situation with the shrews. Only one species of mammal, however, is listed as endangered by both California Department of Fish and Game and the U. S. Fish and Wildlife Service, and that is the salt marsh harvest mouse.
CHINA CAMP STATE PARK: UNIQUE MARSHES, A CHANGING FOREST AND A DEARTH OF INFORMATION

Mammals of the Park
While the marshes of China Camp State Park are somewhat unique the forests of the park are very much like those in other parts of the Marin Peninsula. Most of the 1,640 acre park is made up of hillsides covered with mixed evergreen forest, oak woodland, and chaparral plus some native grassland. The upper portion of the park is a ridgeline covered by mixtures of chaparral and dry woodland containing manzanita, madrone, coast live oak and California black oak. The forests and other upland areas provide habitats for a diversity of mammals while the marsh provides the home for an endangered mouse and a rare shrew (see Table 1 ).
The Changing Forests of China Camp
The forested areas at China Camp are complex and diverse and they support a considerable variety of mammals. The forest of the park is changing, however, with the advent and spread of Sudden Oak Death (SOD) within it. Tempel, Tietje and Winslow (2006) and studied the risk to small mammals and other species of SOD in San Luis Obispo County but there are not any published studies on the actual effects of SOD on mammals in China Camp. If many of the oaks die in China Camp the small mammals that eat acorns as part of their There has been some trapping for SMHM in the marshes in or near China Camp but it has not been either recent or extensive. The oldest trapping records are those of George Fisler, who did a major study of the SMHM in the early 1960s and wrote the monograph on the species (Fisler 1965) . He trapped the southern, or raviventris, subspecies as far north as the marshes east of Larkspur, in what is today the Corte Madera Marsh Ecological Reserve. The farthest south he trapped in the range of the northern, or halicoetes, subspecies was on the south side of Gallinas Creek at its mouth, a point approximately a half mile to the west of the western boundary of the park. He captured 24 SMHM at the Gallinas location but he did not indicate the trap effort.
The park or the marshes near the park have been trapped three times. Cummings (1975) trapped in the general vicinity where Fisler trapped in 1965, i.e., the south side of Gallinas Creek and somewhat east of the mouth, but she captured just one SMHM in 100 trap nights, a trap night being one trap set for one night. Shellhammer and Simons (1980) trapped in the marsh off the northeast side of Turtleback Hill and captured 2 SMHM in 200 trap nights.
The character of the marsh extending from the mouth of Gallinas Creek eastward to the park at the west side of Turtleback Hill is, as mentioned previously, almost unique around the San Francisco Bay as it diet likely will decline in numbers and the carnivores that prey on those small mammals will also decline. Apigian and others (2005) studying SOD in nearby Sonoma county suggested that the response to SOD by small mammals in coastal live oak woodlands in the San Francisco Bay Area may be varied, e.g., with wood rats being found only in the most heavily affected sites while the apparent response of deer mice and related species was varied. Deer mice were most common in heavily affected sites while Pinyon and brush mice were more common is less affected sites. The authors, however, noted that the apparent patterns of abundance could have been caused either by aspects of the SOD damage or to factors unrelated to SOD. It is also likely that without the larger trees in the forest many of the bats now present in China Camp's forest will move elsewhere with concomitant changes in the numbers and diversity of insects. The impact of SOD is very heavy in some portions of the park. What the actual effects of SOD on China Camp will be in the longer run await time and scientific study.
The Marshes of China Camp
The marshes of both China Camp and Rush Ranch are of special interest to the author because they contain the only endangered mammalian species in either area, i.e., the salt marsh harvest mouse, as well as several rare to very rare shrews. Much of the discussion of the marshes of both China Camp and Rush Ranch will concentrate on these species.
The marshes of China Camp are more or less unique in that they have transition areas connecting them to the grasslands above them and there are few other marshes around the San Francisco Bay that (1) have grassland adjacent to them and (2) (Shellhammer 1982 (Shellhammer , 1989 when tides are high. Tides flow in and out of the upper part of each of those two marshes via culvert pipes beneath the road. The road bed and its barren edge is 20 feet wide where it crosses the marshes, a barren band that is likely to preclude SMHM from crossing the road (Shellhammer 1982 (Shellhammer , 1989 and hence the only likely access to the upper portions of these marshes is through the culvert pipe. These two smaller, brackish marshes could be improved as SMHM habitat if the present culvert pipes were removed and replaced with larger openings that would allow vegetation to grow on most of their surfaces and hence allow for the movement of SMHM beneath the road for a greater part of each tidal cycle, i.e., not just when the tides are low.
Little is known of the "fog" shrew (Sorex vagrans sonomae) that might inhabit these marshes. Cummings (1975) reported no shrew captures nor did Fisler (1965) . Shellhammer and Simons (1980) 
RUSH RANCH: HARVEST MICE AND SHREWS IN A CHANGING MARSH
Rush Ranch Open Space Preserve is ecologically different from China Camp State Park in that approximately half of its 2,070 acres is marsh and brackish rather than saline, and is a mixture of tidal, muted tidal, and diked marsh conditions. The rest of Rush Ranch is composed of the Potrero Hills, which are covered by grazed annual grasses. The only treesmostly non-native eucalyptus-are those found around the preserve headquarters, the former home of the Rush family.
The subspecies of the salt marsh harvest mouse (SMHM) found in the Suisun Marsh, as well as the marshes of San Pablo Bay, is R. r. halicoetes. The mouse was originally described by Dixon (1908 Dixon ( , 1909 who described the species as being restricted to salt marshes and primarily to areas of pickleweed (Sarcocornia pacifica). Fisler (1965) indicated that the halicoetes subspecies was found in both salt and brackish marshes, although the brackish marshes he trapped were described as being "characterized by the presence of the cattail (Typha latifolia) and several species of Scirpus. Salicornia and Distichlis are found in depressed areas, which are scattered throughout the marshes even to the landward edges. During 2002 , 2003 and 2004 , Sustaita and others (2011 carried out a SMHM study that investigated habitat use and demography in different vegetation types. Two of the study sites were tidal (one of which was Rush Ranch), and two were managed, diked areas. Three different vegetation types were trapped at each site: (1) pickleweed-dominated, (2) mixedwetland marsh vegetation dominated by species other than pickleweed, and (3) upland grasses-dominated. Two trap grids were located in each vegetation type at each site. Researchers captured 648 SMHM in 9,384 trap nights in the mixed-wetland trapping grids for a CE of 6.9. In contrast, they captured 441 SMHM in 9,288 trap nights in the pickleweed-dominated trap grids for a CE of 4.7. The Rush Ranch CEs were comparatively lower than at most of the sites. At Rush Ranch researchers captured 117 SMHM in 2,352 trap nights in mixed-wetland vegetation for a CE of 6.9 and 59 SMHM in 2,304 trap nights in pickleweed-dominated vegetation for a CE of 2.6. The mixed-wetland areas in two of the three other sites had higher capture efficiencies than Rush Ranch (7.4 and 11.1), while one site was lower (CE 4.2) , and all of the pickleweed-dominated areas in the other sites were higher (3.7 to 6.4).
The fact that the Suistata study, as well as their DFG and DWR annual monitoring, yielded high CEs in mixed-wetland areas within the Suisun Marsh suggests that the habitat requirements for the northern subspecies of the mouse should be modified. These results further suggest that Rush Ranch has valuable mouse habitat. When more trapping is done in alkali bulrush areas in the southern end of the south San Francisco Bay, we expect that perceived habitat requirements for the southern subspecies of the mouse will also be modified.
Much has been learned about SMHM use of various habitats because of the DFG and DWR trapping studies, and specifically Sustaita and others (2011) , but there are aspects that still need to be examined. For example, relatively little is known about the feeding ecology of SMHM. Fisler (1965) suggested that mice of the two SMHM subspecies will eat seeds but "prefer a great amount of either green or dry vegetation." He suggested that they will eat salty vegetation while the upland R. megalotis, the western harvest mouse, will not. Little more is known about the breadth of their diets, other than the statement by Fisler (1965) that "the three forms will eat a variety of food natural to their habitat as well as many artificial foods". We assume that the SMHM at Rush Ranch eat parts of various Schoenoplectus species and other halophytic species. Barthman-Thompson (DFG, pers. comm., 2002) noted that SMHM were captured repeatedly in stands of Schoenoplectus, and sometimes a hundred yards or more in one night from patches of pickleweed, suggesting that mice were not moving back to areas of pickleweed to eat, but were instead eating the vegetation of bulrushes and other brackish species.
Suisun Shrews
Suisun shrews have been found historically in tidal and brackish marsh communities from Sonoma Creek in Sonoma County to Collinsville in Solano County (Rudd 1955; Brown and Rudd 1981) . Ornate shrews are found in the grasslands above tidal and brackish marshes throughout the range of the Suisun shrew, and because the two forms are so similar externally (except for coloration) it is difficult to differentiate between these two shrews in the field. Rudd (1955) suggested that Suisun shrews typically inhabit Pacific cordgrass (Spartina foliosa) and pickleweed in tidal salt marshes, and bulrush species and cattails (Typha spp.) in brackish water marshes. Rudd noted, however, that structure rather than species composition of the plant community determines the preferred habitat of these shrews. He suggested that dense, low-lying, plant cover where invertebrates are abundant was optimum habitat for shrews. Rudd also suggested that driftwood and other litter above the mean high-tide line were essential for both nesting and foraging. Such litter helps maintain the moist conditions needed by the invertebrates that the shrews eat. Hadaway and Newman (1971) reported that these shrews were most often captured at the ecotone between marshes of pickleweed and upland levees vegetated by coyote brush (Baccharis spp.) and grasses. In that sense, Suisun shrews have problems similar to the salt marsh wandering shrew (Sorex vagrans halicoetes) found in the southern parts of the San Francisco Bay, because the latter shrew needs increasingly rare marsh areas that are not flooded regularly by tidal waters (Johnston and Rudd 1957; Goals Project 2000) . In addition to the great loss of marshes over the last century, there has been a dramatic reduction in the width of most tidal marshes (i.e., from upper edge to mudflats) and in the breadth of the zones of vegetation within those marshes. This latter phenomenon is much more obvious in tidal salt marshes, which historically had a low marsh zone of cordgrass, a middle zone of pickleweed, and an upper zone of peripheral halophytes that blended into the grasslands above the marshes (Shellhammer 1982 (Shellhammer , 1989 . In most of the San Francisco Bay today, and especially in the south San Francisco Bay, diking and filling of marshes has reduced the middle zone by half or more, and has reduced the upper zone from a band between 100s of meters to as much as 2-km wide to a band of 2 m or less. The grasslands above the marshes, and the ecotone between the marshes and grasslands, have disappeared along almost the entire edge of the San Francisco Bay (Shellhammer 1982 (Shellhammer , 1989 . There is little to no escape cover of almost any kind remaining and little to no litter or debris. Hence both the vagrant shrew and Suisun shrew have suffered greatly.
Trapping for marsh-dwelling shrews is not the same as trapping for SMHM, i.e., SMHM traps are not necessarily placed in the most appropriate locations for shrews, nor are they baited appropriately to attract shrews. There have been, however, a few studies of Suisun shrews carried out in the northern Suisun Bay in the 1980s. Williams (1983) trapped along 26 transects in the Grizzly Island area, using pitfall traps and captured 15 house mice and one ornate shrew; another shrew was found dead near one of the trapping transects. Hays and Lidicker (2000) were much more productive as they captured 161 shrews in the marsh ecotone in the southern portion of Rush Ranch in 1989 and 1990. They used a custom-made live trap that reduced trap mortality to 1% (Hays 1998) . Their study area was dominated by pickleweed, jaumea (Jaumea carnosa), saltgrass, arrowgrass (Triglochin maritimum), perennial peppergrass (Lepidium latifolium), and dodder (Cuscuta salina), and was located between ungrazed annual grassland and undiked tidal marsh. Their study area was located in the center of a marsh ecotone that was 20 to 70 m wide and about 8 km long at the time of the study. It was flooded completely only a few times a year but remained moist throughout the period of their study. The plants of their trapping area formed a dense layer of matted vegetation that was riddled with runways most likely created by California voles. The tidal marsh below the ecotone was 100 to 500 m wide and dominated by bulrushes, arrowgrass, and jaumea. The other common species of small mammal in their study area was the SMHM.
In summary, it appears that Suisun shrews may be rare in some parts of their range but potentially more common in much of the marsh ecotone of Rush Ranch. The low numbers in other parts of their range are likely from the lack of appropriate habitat, which is still decreasing in the south San Francisco Bay (Shellhammer 1982 (Shellhammer , 1989 . The vegetative conditions of the Rush Ranch ecotone favor Suisun shrews.
Maintaining an adequate band of ungrazed grassland above the ecotone is important, because it is the home of the closely-related ornate shrew, with which the Suisun shrew can interbreed. Hays and Lidicker (2000) note that:
... interbreeding with the subspecies californicus may be caused by invasion of the marsh by this upland form, and not the reverse. It may be that provision of adequate upland and marsh habitats permits co-existence of both shrews with minimal contact between them.
The combination of extensive marsh ecotone and a wide band of ungrazed annual grassland above it are extremely rare. The maintenance of these two bands of vegetation at Rush Ranch is therefore extremely important.
The Changing Environment
While Rush Ranch is now a productive area for SMHM, potential changes may reduce mouse numbers in the future. One change is the increasing coverage by perennial peppergrass. H. T. Harvey (2007) found SMHM in mixtures of peppergrass and alkali bulrush, but the patch sizes of pure peppergrass were small enough even in areas dominated by this species to make it difficult to ascertain if the mice were consistently using pure stands of peppergrass for extended periods of time. The same general situation appears to be the case at Rush Ranch. Peppergrass has spread throughout the brackish portions of the southern part of the San Francisco Bay and is expanding rapidly at Rush Ranch. The density and area covered by peppergrass varies yearly, but the direction has consistently been toward increased coverage. Studies are needed to find out if SMHM and Suisun shrews use large monocultures of peppergrass regularly.
The other factor that bodes ill for both the mice and the shrews is sea level rise resulting from world climate change. Mean sea level in the San Francisco Bay is predicted to rise at least an additional 1.0 to 1.4 m by the year 2100 (Cayan and others 2009) . Even a 0.5 m rise in sea level will likely be devastating to SMHM as most all of the marshes in the region, including one area at Rush Ranch, are backed by steep-sided dikes. The diked marsh at Rush Ranch has extensive uplands above it, as do the tidal marshes along the southern border of the property. This is not the case, however, in most of the Suisun Marsh where roads and houses restrict the upward movement of marshes. As sea levels rise dikes will have to be raised and for economic restrictions it is likely that the new dikes will be just like the present ones, only higher, i.e., steep-sided dikes that are initially barren of vegetation. The new dikes will likely provide even less escape cover from tides for the salt marsh harvest mice or habitat for Suisun shrews. The diked marshes of Rush Ranch and the rest of the Suisun Marsh, however, may have an increasingly important role with respect to SMHM in a warmer world with higher sea levels. Barthman-Thompson and Quickert found high numbers of SMHM in diked, brackish marshes where water management has been effectively practiced. As sea levels rise, and if they rise slowly and do not rise more than about a meter, then the diked brackish as well as diked saline marshes throughout the San Francisco Bay are likely to become increasingly more important refugia for the mice. Should a more catastrophic sea level rise occur, it will be likely that much to most of the Suisun Marsh and most of the Suisun shrews will disappear while SMHM will decrease in numbers and distribution.
